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I. Summary of Research:
This grant funded several studies of magnetospheric substorms and their effect on the
dynamics of the earth’s geomagnetic tail.

We completed an extensive study of plasmoids, plasma/magnetic field structures that
travel rapidly down the tail, using data from the ISEE 3 and IMP 8 spacecraft. This study
formed the PhD thesis of Mark Moldwin. We found that magnetically plasmoids are better
described as flux-ropes (twisted magnetic flux tubes) rather than plasma bubbles, as had been
generally regarded up to that point (Moldwin and Hughes, 1990; 1991). We published several
examples of plasmoids observed first in the near tail by IMP 8 and later in the distant tail
by ISEE 3, confirming their velocities down tail (Moldwin and Hughes, 1992a). We showed
how the passage of plasmoids distorts the plasma sheet (Moldwin and Hughes, 1992b). We
completed the first extensive statistical survey of plasmoids (Moldwin and Hughes, 1992c)
that showed how plasmoids evolve as they move down tail from their formation around 30
REg to ISEE 3 apogee at 240 Rg. We established a one-to-one correspondance between the
observation of plasmoids in the distant tail and substorm onsets at earth or in the near tail
(Moldwin and Hughes, 1993). And we showed that there is a class of plasmoid-like structures
that move slowly earthward, especially following weak substorms during northward IMF
(Moldwin and Hughes, 1994). Collectively this work constituted the most extensive study
of plasmoids prior to the work that has now been done with the GEOTAIL spacecraft.

Following our work on plasmoids, we turned our attention to signatures of substorm
onset observed in the inner magnetosphere near geosynchronous orbit, especially signatures
observed by the CRRES satellite (Singer et al., 1993, Maynard et al., 1996). Using data
from the magnetometer, electric field probe, plasma wave instrument, and low energy plasma
instrument on CRRES we were able to better document substorm onsets in the inner magne-
tosphere than had been possible previously. Detailed calculation of the Poynting flux showed
energy exchange between the magnetosphere and ionosphere, and a short burst of tailward
convective flow just prior to onset, suggesting the active role of the ionosphere in the onset
process, and adding credibility to the ballooning instability theory of substorm onset.

This grant also supported a number of other substorm studies and reviews. These are
represented by the list of publications and meeting presentations resulting out of this grant.

IT. Inventions: No inventions resulted from this grant.
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